Brain-derived neurotrophic factor acutely enhances tyrosine phosphorylation of the AMPA receptor subunit GluR1 via NMDA receptor-dependent mechanisms.
Brain-derived growth factor (BDNF) acutely regulates synaptic transmission and modulates hippocampal long-term potentiation (LTP) and long-term depression (LTD), cellular models of plasticity associated with learning and memory. Our previous studies revealed that BDNF rapidly increases phosphorylation of NMDA receptor subunits NR1 and NR2B in the postsynaptic density (PSD), potentially linking receptor phosphorylation to synaptic plasticity. To further define molecular mechanisms governing BDNF actions, we examined tyrosine phosphorylation of GluR1, the most well-characterized subunit of AMPA receptors. Initially, we investigated synaptoneurosomes that contain intact pre- and postsynaptic elements. Incubation of synaptoneurosomes with BDNF for 5 min increased tyrosine phosphorylation of GluR1 in a dose-dependent manner, with a maximal, 4-fold enhancement at 10 ng/ml BDNF. NGF had no effects, suggesting the specificity of BDNF actions. Subsequently, we found that BDNF elicited a maximal, 2.5-fold increase in GluR1 phosphorylation in the PSD at 250 ng/ml BDNF within 5 min, suggesting that BDNF enhances the phosphorylation through postsynaptic mechanisms. Activation of trkB receptors was critical as k252-a, an inhibitor of trk receptor tyrosine kinase, blocked the BDNF-activated GluR1 phosphorylation. In addition, AP-5 and MK 801, NMDA receptor antagonists, blocked BDNF enhancement of phosphorylation in synaptoneurosomes or PSDs. Conversely, NMDA, the specific receptor agonist, evoked respective 3.8- and 2-fold increases in phosphorylation in synaptoneurosomes and PSDs within 5 min, mimicking the effects of BDNF. These findings raise the possibility that BDNF modulates GluR1 activity via changes in NMDA receptor function. Moreover, incubation of synaptoneurosomes or PSDs with BDNF and ifenprodil, a specific NR2B antagonist, reproduced the results of AP-5 and MK-801. Finally, coexposure of synaptoneurosomes or PSDs to BDNF and NMDA was not additive, suggesting that BDNF and NMDA activate the same tyrosine phosphorylation site(s) in GluR1. Our findings suggest that BDNF-mediated GluR1 tyrosine phosphorylation potentially regulates synaptic plasticity postsynaptically through NR2B subunits of the NMDA receptor.